Meningiomas account for about 30% of all primary brain tumors. It is difficult to predict the behaviour of meningiomas, and identification of protein markers responsible for the regulation of cell proliferation can be very helpful. The aim of this study was to evaluate immunohistochemical expression of Ki-67 and p53 in 170 meningiomas.
Meningiomas are common tumors of the central nervous system that originate from the meningeal coverings of the brain and the spinal cord [1, 2] . Although most meningiomas are benign, they have a surprisingly broad spectrum of clinical characteristics and histologically distinct subsets are associated with high risk of recurrence, even after complete resection. In rare instances, meningiomas are malignant [3] . About 80% meningiomas are slow-growing tumors of WHO grade I, and most commonly diagnosed histological subtypes are meningothelial, fibrous and transitional meningioma. Following gross total resection, benign meningiomas are associated with 5-year recurrence rates of 5%. Atypical meningiomas constitute 15-20% of meningiomas and are associated with 5-year recurrence rates of 40% for totally resected tumors. Anaplastic meningioma account for 1-3% of all meningioma cases and have clinical characteristics similar to other malignant neoplasms [4] . WHO grade I meningiomas are expected to have a benign course. The behaviour of meningiomas is difficult to predict, and identification of protein markers responsible for the regulation of cell proliferation can be very helpful. antigen is protein expressed only in proliferative phase of cell cycle, and can be detected on formalin fixed paraffin embedded tissue sections. Proliferation index measured by Ki-67 may be used as an objective method for predicting tumor behaviour [5] [6] [7] [8] [9] . Multiple factors are involved in tumor progression and one of them is mutation of tumor suppressor gene p53. Wild type gene product functions as a transcription factor and is involved in DNA repair regulation of cell cycle and induction of apoptosis. Mutated p53 lacks these properties leading to genomic instability and is a frequent target for genetic abnormalities in most tumors. Mutation of p53 gene results in metabolically stable abnormal protein that accumulates in the nucleus reaching the level to be easily detected by immunostains. Expression of p53 protein in tissue section is an indicator of possible mutation in p53 gene itself [10, 11] . In the present study, we aimed to investigate the immunohisto-chemical profile of meningiomas by using Ki-67 and p53 as markers with established roles in tumor progression and to determine the association of these markers with histological grade and subtype.
Patients and methods
The histological sections of 170 patients (70 (41%) men and 100 (59%) women) with totally resected meningiomas, diagnosed at the Department of Pathology, Split University Hospital Centre, between January 2000 and December 2010, were retrospectively reviewed.
Tumor size was obtained from neuroradiographic (MSCT) images. All clinical data were collected from the clinical history charts.
The surgical specimens were fixed in 10% buffered neutral formalin, entirely sampled, and embedded in paraffin. A 5-µm sections were stained with haematoxylin and eosin (H&E). All histological and immunohistochemical (IHC) tumor slides were evaluated by experienced pathologist (G. F.), and regrouped as benign, atypical, and anaplastic meningiomas according to the WHO classification of tumors of the central nervous system (3) .
Representative slide of each case was selected for additional IHC analysis for p53 and Ki-67, performed on automated Ventana stainer (Ultra Benchmark Ventana, Tucson, Arizona).
For p53 detection we used DO-7, Dako, Denmark at dilution 1:100. It was incubated for 32 min and after that heated in CC1 for 36 min on 95 ºC. The same procedure was performed for Ki-67 for which we used MIB-1, Dako, Denmark at dilution 1:200.
Tissue sections were evaluated by using Olympus BX41 light microscope with x40 objective equipped with an ocular grid.
For Ki-67 and p53, cells with brown nuclear staining were considered positive. Ki-67 and p53 expression were defined as percentage of positive cells, determined by using Cell D1 Image analysis (Olympus, Soft Imaging System GmbH, Munster, Germany) by counting at last 1000 tumor cells in fields with the largest number of positive cells (Fig. 1, 2) .
Statistical analysis. Obtained data were analyzed by using Statistics for Windows Release 12.0 (Statsoft, Tulsa, Oklahoma, USA). All p values of less than 0.05 were considered to indicate statistical significance. All statistical tests were two-sided, with the confidence interval of 95%. Correlations between categorical variables were studied using chi-square and Mann-Whitney U test. The optimal cut-off value for Ki-67 was selected by using receiver operating characteristic (ROC) method, and tumors were divided in two groups according to Ki-67 levels (≤3.195 and >3.195). For p53 levels we used two criteria for division. First categorisation was created by statistical analysis and p53 percentages were grouped in three categories (0 -none, ≤25 -low and >25 -high). For second categorisation 10% was used as arbitrary cut-off value, experience based. We noticed that tumors with p53 levels higher than 10% have more aggressive clinical behaviour. 
Results
Occurrence of meningioma was more common in female than in male patients (ratio 1.42:1). In women there were 3 times more benign tumors than atypical and anaplastic, while in men there were 2 times more atypical and anaplastic meningiomas (P<0.001). In the group of fibroblastic meningiomas there were 2.7 times more women than men (P=0.22). The age of patients at the time of surgery varied from 19 to 85 years (median 68). Average age at surgery for male patients was 68.5 years , and female 67.5 years (36-83). There was no significant correlation regarding age and meningioma grade (p=0.218) ( Table 1) . Statistically significant correlation between tumor grade and Ki-67 expression (P<0.001) was found. Between tumors with grade II and grade III median for Ki-67 differed 1.6 times (p<0.032)
Median for Ki-67 was 5.2 times lower in the group with grade I than in group with grade II and III together (p<0.001). Statistically significant correlation between p53 levels and tumor grade was not found (p=0.292). However, there were 1.6 times more tumors with p53 higher than 10% in the group with grade II and III together than in group with grade I tumors (P=0.077). Statistically significant correlation between tumor size and grade was found (P<0.001).
The optimal cut-off value for Ki-67 was 3.195%, with sensitivity 92.9% and specificity 82.4% (area 0.917, SE 0.033, 95% CI 0.853-0.981, p<0.001) (Fig. 3) .
Distribution of Ki-67, p53 expression and tumor size according to meningioma grade are presented in Table 2 . Tumors with Ki-67 value ≤ 3.195 were 2 cm smaller in diameter than those with Ki-67> 3.195 (P <0.001) ( Table 3) . Statistically significant correlation regarding sex and Ki-67 expression was not found (p=0.174) ( Table 3 ). There was a statistically significant correlation between Ki-67 expression and tumor subtype (p=0.009), and the highest Ki-67 expression was found in meningothelial subtype (Table 4) .
Distribution of p53 expression in meningiomas is presented in Table 4 . Analyzing a group with grade II and III tumors there were 10 tumors with p53=0, 11 tumors with p53=0-25, and 7 with the values of p53>25. All p53 values are more frequent in the grade I group than in grade II and III group together (P=0.087).
Tumors with p53 values <10 were 0.5 cm smaller in diameter compared to those in p53> 10 group (P=0.034). These tumors also had 0.7% lower median for Ki-67 (P=0.039). The incidence of p53>10 was 1.4 times higher in the group of tumors with Ki-67 >3.195 (P=0.111)
Of 170 meningiomas analysed in this paper only 20 were located in posterior of the skull and spine and only one of them had Ki-67>3.195. All the patients with meningiomas in posterior of the skull were female, and 60% of meningiomas in the posterior of the skull had p53 levels >10%. There was a significant correlation between tumor localization and tumor subtype (χ 2 =12.98, p=1.011), but there was no significant correlation between tumor location and Ki-67 (χ 2 =7.3, p=0.026) and p53 levels (χ 2 =0.672, p=0.715).
Discussion
Most of meningiomas are benign, up to 80%. Atypical and anaplastic meningiomas have more aggressive clinical behaviour. The histological parameters defined by WHO may sometimes be insufficient to predict aggressive behaviour of some grade I meningiomas. The actively proliferating meningiomas have a higher tendency of recurrence. Almost all studies showed a positive correlation between Ki-67 proliferating marker and tumor grade in meningiomas [8, 12] . For benign meningiomas the estimated mean for Ki-67 is 3%, with range from 1-16%. For atypical meningioma the average value is higher (8%), with range from 2-20% [6, 7] . Grade III meningiomas had an average value of 17%, ranging from 7-32%. Recurrent meningiomas have higher proliferative index with an average Ki-67 value of 4% (range 0-35%) [12] . The present study established a strong correlation between Ki-67 [6, 7, 12] . This finding confirms larger size of the tumors of higher stages in our study. We have attempted to identify the most discriminating value for Ki-67 using a ROC analysis. The selected cut-off value for Ki-67 was 3.193, which is in concordance with the previously estimated Ki-67 value for grade I meningiomas. In order to reduce inter-observer variability, Ki-67 expression in our study was assessed by counting 1000 tumor cells in the fields with the highest proliferative activity by using image analysis. Since benign and atypical meningiomas both show low proliferative activity (3% vs. 8%), and the ranges estimated by WHO significantly overlap, the precise determination of Ki-67 proliferative index is of major importance for determining correct diagnosis, especially in borderline atypical cases when mitoses are difficult to find and other minor histological criteria are scant. We found statistical significant difference between meningioma subtypes and Ki-67 expression, and the significance was maintained when subtypes were grouped according to selected cut-off. Meningothelial meningiomas had the highest median value for Ki-67. Tumor cells of meningothelilal meningiomas resemble normal arachnoidal cap cells, they are large, with uniform oval nuclei and delicate chromatin that on occasion show central clearing, or the formulation of cytoplasmic-nuclear inclusions. Large uniform arachnoidal-like cells may be responsible for those differences between subtypes of meningiomas because appearance of these cells is different in different meningioma subtypes. This observation could provide an additional explanation for the understanding of the recurrence of benign meningiomas, despite the presumed total resection. In our study significantly different Ki-67 expression was found in different meningioma subtypes. This is new and potentially important finding that can offer explanation for differences between meningioma subtypes and their possible future behaviour. P53 is responsible for tumor progression in many malignant tumors. Earlier studies have demonstrated variable results with regards to alteration of p53 pathway in meningiomas [13, 14] . It is generally considered that changes in p53 gene are not often in meningiomas. In our study, the levels of p53 were analysed in relation to meningioma subtypes. Biros et al. showed no significant difference in Arg72Pro polymorphism of p53 gene in meningiomas and astrocytomas [15] . Almeida et al. studying the extra axial brain tumors found TP53 gene methylation in 48% of malignant tumors. They concluded that the methylation of TP53 is essential for tumor formation and progression, as this leads to inactivation of the p53 suppressor gene [16] . The function of p53 may not be associated only with a gene that encodes it, but could also be dependent on changes in the mechanisms that control it. Al-Khalaf et al. have shown a disorder in p53 and p21 in response to γ-rays in meningioma cells, with still preserved response to UV rays, which means that the TP53 gene is conserved [17] . This shows that the changes for p53 are not always a result of gene mutations, but rather a consequence of changes in positive regulators of protein 53. However, the change of p53 protein, along with other suppressor proteins, can be considered as an important tumorigenous factor in meningiomas. P53 protein association with histological grade of meningioma has been extensively studied. Results showed wide range of p53 immunoreactivity in meningiomas that varied from 10-88%. P53 immunoreactivity was also correlated with histological degree in relapsed meningioma [18] . Rao et al. created a set of grade I meningiomas which despite the benign histological characteristics, tend to recur due to high levels of expression of p53 and Ki-67 proteins [19] . Terzi et al. showed that 1% increase in p53 labeling index resulted in a 2.17-fold enhanced risk of upgrading a tumor [20] . We did not found statistically significant association between p53 levels and meningioma grade, but it was evident that the median value for p53 increases with grade of the tumor. Perry and colleagues found also tendency for higher p53 values in higher grades of meningiomas [21] . The highest incidence of negative p53 was found in fibrous subtype of meningioma in which we found the lowest Ki-67 median. According to this finding, fibrous meningiomas might have the smallest tumorigenous potential. The fact that there is positive correlation between tumor localization and tumor subtype is probably because transitional subtype was less common in posterior of the skull and spine, and fibroblastic and transitional subtype occurred more in frontotemporoparietal region. The answer could be found in the fact that the encephalic meninges originate from mesenchyme and the encephalic neural crest while the meninges of the caudal regions of the head and spine originate from paraxial mesenchyme. Based on these observations, fibrous meningiomas with the low expression of p53 and Ki-67 are expected to show the least tendency of recurrence, while the meningothelial meningiomas in which the highest Ki-67 expression was found, require caution in clinical management due to possible unexpected behaviour.
Conclusion
Histological features of malignancy correlate well with proliferation index assessed by using the cell proliferation marker Ki-67. Although p53 levels do not statistically correlate with these features we found that they are higher in largest tumors. Also, positive correlation between tumor grade and Ki-67 levels was established in our study as well as correlation with meningioma subtype. Hence, tumors with an increased proliferative potential grow more rapidly and more likely achieve larger sizes. This could be related with the larger mean size of atypical and malignant lesions found in the present study. Based on our results, expression of Ki-67 and p53 might have influence on meningioma grade and subtype.
